Introduction: Patients with psoriasis and psoriatic arthritis (PsA) have metabolic disturbances, which may be due to chronic inflammation. Aim: Because interleukin-6 (IL-6) regulates both metabolic and inflammatory processes, we evaluated IL-6 as a potential marker of inflammation and metabolic disturbances in psoriasis. Material and methods: This study involved 93 patients with psoriasis, including 31 patients with concurrent PsA. We investigated whether serum markers of lipid metabolism and inflammation, including IL-6, were related to each other and to disease activity. Results: We found that concurrent PsA was associated with higher serum concentrations of total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and IL-6. In patients with psoriasis alone, the IL-6 serum concentration correlated positively with the concentrations of TC and LDL-c and with erythrocyte sedimentation rates (ESRs). Moreover, IL-6 concentrations tended to correlate positively with the percentage of the body area affected by psoriatic lesions. Among all patients, those with normal blood lipids had lower ESRs and IL-6 concentrations than patients with abnormal blood lipids. A logistic regression model showed that PsA, Psoriasis Area Severity Index (PASI), and ESR were significant predictors of the serum IL-6 concentration.
Introduction
In psoriasis, chronic inflammation stimulates the proliferation of cells in the skin, which leads to the development of psoriatic plaques. In about one-third of patients with psoriasis, the disease causes also joint inflammation, typically in the finger and toe joints as well as enthesitis [1] . Moreover, chronic inflammation in psoriasis is associated with metabolic disturbances, such as dyslipidemia [2] .
Interleukin 6 (IL-6) is a cytokine with both pro-and anti-inflammatory properties, and it is implicated in the growth and differentiation of epidermal and dermal cells [3, 4] . Thus, it might be important in the pathogenesis of psoriasis. Indeed, in psoriatic lesions, IL-6 is produced by both inflammatory cells, such as monocytes, dendritic cells, macrophages, and Th17 cells, and by endothelial cells, skin fibroblasts, and keratinocytes [5, 6] . Moreover, the epidermis, fibroblasts, suction blister fluid, and keratinocytes in psoriatic lesions have an increased expression of IL-6 and the IL-6 receptor [3, 7] . Interestingly, IL-6 production is induced by external trauma, which might explain the Koebner's response in patients with psoriasis, i.e. the appearance of skin lesions after skin trauma [3, 4] . Most previous studies have reported increased serum IL-6 concentrations in patients with psoriasis, particularly in those with active disease [3, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The concentration of IL-6 in serum might be related to the severity of both psoriatic skin lesions and joint involvement. This may be because IL-6 promotes inflammatory cell infiltration in the synovium and synovial hyperplasia [8] . Moreover, IL-6 causes bone resorption, via osteoclast stimulation, and cartilage degeneration, due to the stimulation of matrix metalloproteinases in the synovium and cartilage [16] [17] [18] .
Chronic psoriatic lesions may produce large amounts of IL-6 and other pro-inflammatory cytokines, which release free fatty acids, cholesterol, and triglycerides from the adipose tissue [19] . Consequently, patients with psoriasis have increased serum concentrations of triglycerides, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and very low-density lipoprotein cholesterol (VLDL-C).
Aim
The aim of the study was to evaluate high-sensitivity (HS)-IL6 as a potential marker of inflammation in psoriasis and to relate the serum IL-6 concentration to the severity and form of psoriasis and to selected metabolic markers.
Material and methods

Participants
The study was designed and conducted according to the Declaration of Helsinki and its amendments, current GCP (Good Clinical Practice) guidelines and other appropriate local and international standards and guidelines concerning clinical trials. Moreover, the study was approved by the Local Bioethics Committee at the Medical University of Lublin (decision no. KE-0254/283/2014 of 30 October 2014) and written informed consent was sought from all the study subjects.
We enrolled 93 patients with psoriasis, including 31 with psoriatic arthritis (PsA). Patients who received medications that could change the concentrations of blood lipids (b-blockers, hormones, lipid-lowering drugs, retinoids, dithranol) were excluded. The diagnosis of psoriasis was made based on the "Classification Criteria for Psoriatic Arthritis" (CASPAR). We determined the severity of psoriatic skin lesions with the Psoriasis Area Severity Index (PASI). The percentage of the skin affected by psoriatic lesions was estimated according to the rule that the hand represents 1% of the total body surface area. We recorded whether the patients smoked cigarettes and drank alcohol.
Laboratory studies
Blood samples were collected after 12 h to 14 h of fasting, and serum was obtained by low-speed centrifugation at 4°C. The concentrations of glucose, TC, highdensity cholesterol (HDL-C), LDL-C, VLDL-C, and triglycerides (TG) were measured in fresh serum samples with standard diagnostic methods used in our hospital laboratory (Cobas Integra 400; commercially available reagents, Roche Diagnostics, Japan). Enzyme-linked immunosorbent assays (ELISA) were used to measure the serum concentration of IL-6 in frozen serum samples stored at -70° C until used (Human IL-6 High Sensitivity ELISA Kit, Diaclone, Besancon, France). We calculated the LDL : HDL ratio and the Casteli index according to the following formula: TC/HDL-C. Based on standard cholesterol cut-off, we classified patients into those with normal blood lipids (concentrations of TC < 200 mg/dl, LDL-C < 135 mg/dl, TG < 150 mg/dl: 35 patients with psoriasis; 13 patients with PsA) and abnormal blood lipids (concentrations of TC ≥ 200 mg/dl, LDL-C ≥ 135 mg/dl, TG ≥ 150 mg/dl: 27 patients with psoriasis; 18 patients with PsA).
Statistical analysis
We calculated arithmetic means and standard deviations for quantitative data. The Shapiro-Wilk test was used to check whether the distribution of variables was normal. We compared two groups with the Mann-Whitney U-test. The Spearman rank correlation coefficient was calculated for pairs of variables. A logistic regression model (GLZ Multiple Regression Model, Probit Model, Best subsets) was built to find predictors of the serum HS-IL6 concentration. Statistica 12 (StatSoft, Tulsa, OK, United States) was used for all calculations. P < 0.05 was considered statistically significant.
Results
Compared to patients with psoriasis alone, those with concurrent PsA had significantly higher PASIs and longer disease duration (Table 1) . Concurrent PsA was also associated with higher concentrations of TC, LDL-c, and IL-6 and with higher Castelli indices and LDL : HDL ratios ( Table 2) . In patients with psoriasis alone, the IL-6 concentration correlated positively with the concentrations of TC and LDL-C, erythrocyte sedimentation rates (ESRs), Castelli indices, and LDL : HDL ratios (Table 3) . Among all patients, only a positive correlation between IL-6 and ESRs was significant. Both in patients with or without PsA, IL-6 concentrations tended to correlate positively with the percentage of the body area affected by psoriatic lesions, but this relationship was not significant.
Compared to patients with normal blood lipids, those with abnormal blood lipids had higher BMIs, ESRs, and HS-IL6 concentrations (Table 4) . A logistic regression model showed that the clinical form of psoriasis (psoriasis alone vs. psoriasis + PsA), PASI, and ESR were significant predictors of the serum HS-IL6 concentration (Table 5 ).
Discussion
Our findings show that IL-6 may be a marker of both inflammation and disease activity in psoriasis. In our study, the serum IL-6 concentration correlated with the ESR and tended to be greater in patients with greater percentage skin involvement by psoriatic lesions. Moreover, the ESR, PASI, and PsA were significant independent predictors of the IL-6 serum concentration. Our study shows that IL-6 might be related to dyslipidemia in psoriasis because patients with abnormal blood lipids had higher IL-6 concentrations than patients with normal blood lipids. 
BMI -body mass index, ESR -erythrocyte sedimentation rate, HS-IL-6 -highsensitivity interleukin 6, PASI -Psoriasis Area Severity Index, BSA -body surface area (% of body areas affected by psoriatic lesions).
In previous studies, serum IL-6 concentrations were increased in patients with psoriasis and correlated with disease activity assessed with the PASI and DAS28-CRP [15, 17] . Similarly, we found that IL-6 concentrations were greater in patients with concurrent PsA, which is clinically more severe than plaque psoriasis. The increased IL-6 concentrations in patients with concurrent PsA may be due to additional inflammation in the joints. Moreover, IL-6 concentrations correlated with disease activity (PASI score) in patients with concurrent PsA. Thus, serum IL-6 concentrations may be used to assess psoriasis severity and response to treatment [11] . Based on a study among 182 patients with psoriasis who received biological treatments, Muramatsu et al. suggested that serum concentrations of IL-6 might be particularly valuable for monitoring disease activity in patients who receive infliximab or adalimumab [15] . Moreover, the IL-6 signaling pathway is a potential treatment target in psoriasis [20, 21] . However, tocilizumab, a humanized antibody against the IL-6 receptor, caused psoriasis-like changes in patients with rheumatoid arthritis. In contrast, clazakizumab, another IL-6 blocker, improved psoriatic arthritis without exacerbating skin lesions [22] . Interleukin-6 blockers might be particularly effective in patients with pustular psoriasis, but the use of these drugs requires further clinical trials [3] .
Patients with psoriasis have an increased risk of metabolic diseases, including dyslipidemia, which might be due to chronic inflammation. In this study, in patients with psoriasis, the concentrations of TC and LDL-c, Castelli indices, and LDL : HDL ratios correlated positively with serum IL-6 concentrations, which indicates an association between inflammation and dyslipidemia. Moreover, patients with abnormal blood lipids had significantly higher concentrations of IL-6 and higher ESR values compared to patients with normal blood lipids. Thus, IL-6 might be implicated in the pathogenesis of psoriasis, lipid disorders, and cardiovascular diseases. These effects of IL-6 might be seen in psoriasis particularly because chronic inflammation may promote the pro-atherogenic effects of IL-6 [23] . For example, in 65 patients with psoriasis, Lise et al. found a correlation between the IL-6 concentration and the intima-media thickness, an indicator of the cardiovascular risk [14] . Similarly, IL-6 is related to the progression of inflammation and atherosclerosis in coronary arteries [24, 25] . Our study had limitations. First, it was carried out in a single center and was relatively small. Second, we did not include a control group, but the main aim of our study was to investigate whether IL-6 was a marker of inflammation and disease activity in patients with psoriasis.
Conclusions
Our study showed that IL-6 is a potential marker of disease activity in patients with psoriasis and that IL-6 might be implicated in the development of lipid abnormalities in these patients. Our findings encourage larger, multi-center studies on the place of IL-6 in psoriasis.
